It has been shown by several investigators I that when the pl-I value of the external dye solutions is increased, the rate of accumulation of a basic dye in the cell sap is accelerated. Two different explanations for this have been given. Some have accounted for it on the basis that the basic dye enters the cell in the form of a dye hydrate and combines with the substances in the cell; and that, therefore, the increase in the rate of accumulation of the dye is due to the increase in the concentration of the dye hydrate. Others ~ have assumed that the increase in the rate of accumulation of the dye is due primarily to the increase in the concentration of the combining substances in the cell caused by the increase in the p H value of the cell contents. From these standpoints it is of decided interest to see what will happen if we increase the p H value of the cell sap, while keeping that of the external solution constant. An investigation of this sort was made by McCutcheon and Lucke, 3 but from their experiments it is not possible to draw a definite conclusion.* They placed living cells of Nitella 5 in dye solutions at pH 8, containing in one case NH4OH and in another case NaOH, and found that the dye accumulated in the sap less rapidly in the former than in the latter. Since the pH value of the cell sap increased in NI-I4OH solution (without dye) while it did not change from the normal in NaOH solution (without dye) they concluded that the decrease in the rate of accumulation of the dye in the sap was due to the increase in the pH value of the sap, and that therefore the dye entered in the form of a dye hydrate, DOH, and combined with weak acids in the sap. This conclusion, however, does not seem to be entirely justified for the following reason. The change in the pH value of the sap is merely an indication that NH3 (for convenience the term NHa will be used in this paper to represent aqueous NHa which includes undissodated ammonium compounds and NH4 ions), has combined with substances in the sap, thus decreasing their power to combine with the dye when it enters. In other words, there is a competition between the dye and NH3 for the substances in the sap and it is quite possible that the competition may exist without noticeable increase in the pH value of the sap. If there is sufficient buffer action, a considerable amount of NH8 might accumulate without raising the pH value, but this would diminish the rate of accumulation of the dye since the NH3 would compete with the dye for the substances in the cell. The presence of such a competition does not necessarily mean that the dye enters the cell in the form of DOH, and that the combining substances are weak acids. In case the dye salt, DCI, unites with the salts of proteins or of weak acids, the rate of accumulation of the dye will be decreased when NH3 is present in the cell, provided the affinity of NH3 for the substances in question is greater than the affinity of the dye for the same substances. The reaction might be of the ordinary type where NH~ combines with proteins or weak acids to form salts which are ionized and which can combine with the dye or NH~ might combine with a salt to form a compound which 4Cf. Irwin, M., J. Gen. Physiol., 1925-26, viii, 147. 5 The same results were obtained by them with Gonionemus and starfish eggs. See Foot-note 3.
cannot combine with the dye, similar to the compound ~ formed by the union of copper hydrate with sodium tartrate, with which sodium hydroxide cannot react.
The possibility must also be borne in mind that NH3 in the external dye solution may hinder the dye from entering the cell. McCutcheon and Lucke concluded, on the ground of experiments with the effect of NH3 on the partition of dye between oil of sweet almonds and water, that the presence of NHs had no effect upon the taking up of the dye by the oil, but this may not necessarily prove to be the case with living cells.
In order to determine the cause of the decrease in the rate 7 of accumulation of dye in the presence of NH3 it is desirable to carry out experiments which will show the rate of accumulation of the dye in the sap; (1) when the pH values of the sap are the same, while the concentrations of NH3 in the sap are varied, which will show if there is a competition between NH3 and the dye in the sap without a change in the pH value of the sap; (2) when the pH values of the sap and the concentrations of NH3 in the sap are the same while the concentrations of NH~ in the external solutions are varied, which will show if the presence of NH3 in the dye solution can hinder the penetration of the dye into the cell; and (3) when the pH values of the sap are varied, while the concentrations of NH3 in the sap remain practically constant, which will show if an increase in the pH value of the sap alone can bring about a decrease in the rate of accumulation of the dye.
6 Norris, J. F., The principles of organic chemistry, New York, 1912, 272. It is evident that the competition of NI-I3 would affect both the rate of accumulation of the dye in the sap and the concentration of the dye in the sap at equilibrium. In this paper the rate alone is studied since the cells die before the final equilibrium is attained. The rates are taken as near the beginning as possible and represent the concentrations of the dye in the sap at a given time in all cases. It is assumed that such rates would be approximately proportional to the concentrations of dye in the sap at equilibrium, if the reaction were not complicated by secondary processes as described in the writer's previous paper (see . The ordinates represent the concentrations of dye in the sap, and the abscissae represent time. Curve A shows the rate of accumulation in 0.00014 M dye solution at pH 6.9; Curve B shows the rate in 0.00014 M dye solution at pH 6.9 containing 0.005 ~ NH4C1; Curve C shows the rate in 0.00014 M dye solution at pH 6.7. Each point on every curve is an average of forty experiments and the probable error of the mean is less than 7 per cent of the mean. first lot was placed in 0.00014 M dye solution at pH 6.9, the second lot in the same concentration of dye solution at the same pH containing 0.005 M NH4C1, and the third lot in the same concentration of dye solution at pH 6.7. The concentration of the solutions was kept constant. All solutions were made up with phosphate buffer 150 mixtures? The experiments were made at 25 -+-0.5°C. s The writer wishes to thank Mr. E. S. Harris for determining the pH values of the solutions by means of the hydrogen electrode.
II.

Accumulation of Brilliant
At definite intervals, a few cells were removed, wiped, and the end of each cell was cut and the sap gently squeezed out on a glass slide. The sap was then drawn up into a capillary tube, and the color of the The ordinates represent the concentrations of dye in the sap, and the abscissa~ represent time. Curve A shows the rate of accumulation in 0.00014 u dye solution at pH 6.9; Curve B shows the rate in 0.00014 u dye solution at pH 6.9 containing 0.005 ~t NH4CI; Curve C shows the rate in 0.00014 dye solution at pH 6.7. Each point on every curve is an average of forty experiments and the probable error of the mean is less than 7 per cent of the mean.
tube was matched 9 with that of a tube of the same diameter containing a known concentration of the dye. The results are shown in Figs. 1 and 2 . On comparing the rate of accumulation of the dye in these three 9 For details of technique see the writer's previous paper, J. Gen. Physiol., 1925-26, viii, 147 . In all the figures the curves are drawn free-hand through the points to give an approximate fit.
O.O0~O'7-M different dye solutions, it is found that in the first lot the rate is the highest from the start, while in the second lot the rate is higher at the start than in the third, but it becomes lower after about 25 minutes, as shown in Figs. 1 and 2, Curves A, B, and C. These curves indicate dearly that when the cells are placed in a solution of dye containing NH4CI, the rate of accumulation of the dye in the sap falls off from the start and this decrease becomes greater as the time goes on. In order to carry out such experiments as are discussed in the introduction it is first of all necessary to obtain time curves showing the changes in the pH values of the cell sap when living ceils are placed in solutions with 1° and without NH~.
The pH of the sap was determined by the colorimetric method as follows: A capillary tube was filled for 1 inch with the sap; another capillary tube of the same diameter was filled for ~10 of an inch with about 0.005 per cent brom-cresol purple. The contents of the two tubes were then mixed on a glass slide and the entire amount of mixed sap and indicator was drawn up into a third capillary tube the color of which was carefully matched with that of a fourth tube having the same diameter as the third and filled with a standard phosphate buffer solution of known pH value containing the same concentration of the indicator as the third tube. The sap contains about 0.1 ~r halides so that the salt error should be corrected to obtain absolute values, but since the importance of these experiments lies in the relative values, this correction was omitted.
The solutions of NH4C1 were made up in 15---0 phosphate buffer mixtures at pH 6.9, and the concentration was kept constant throughout the experiment. The experiments were made at 25 4-0.5°C.
to Hoagland, Davis, McCutcheon, Lucke, and the writer have found that the increase in the pH value of the cell sap takes place when cells are placed in a solution containing NHa. See Foot-notes 3 and 4, and also, Hoagland, D. R., and Davis, A. R., ]. Gen. Physiol., 1922-23, v, 629. When the cells were placed in 0.005 M NH4C1 solution at pH 6.9 and the change in the pH value of the sap was followed at definite intervals until death took place, it was found that after 5 minutes the pH value of the sap began to increase and in about half an hour it changed from pH 5.6 (normal) to pH 5.94 beyond which there was very little change in the pH value as shown in Fig. 3 , Curve A, until almost all the cells were dead (within 6 hours after they were placed in the solution).
Fzo. 3. Time curves showing the change in the pH value of the sap of living cells of Nitella. The ordinates represent the pH values of the sap, and the abscissae represent time. Curve A shows the changes in the pH value when the cells are placed in 0.005 ~ NH4C1 at pH 6.9. Curve B shows the changes in the pH values when the cells are placed in boric acid and sodium hydrate mixtures at pH 10.1. Each point on every curve is an average of forty experiments and the probable error of the mean is less than 7 per cent of the mean.
When living cells were placed in a buffer solution at pH 10.1 (~o boric acid + NaOH), and the pH value of the sap was determined at intervals, it was found that the pH value began to change in about 20 minutes and in 21/~ hours increased from 5.6 to 5.9, after which there was a very little change as shown in Fig. 3 , Curve B, until almost all the cells were dead (in about 5 hours).
On comparing Curves A and B in Fig. 3 , it is found that the pH value of the sap changes more rapidly, and the flattening of the curve is reached more quickly in the case of the cells placed in 0.005 ~ NH4C1 solution at pH 6.9 (1~0 s) phosphate than in the of the cells placed in pH 10.1 (~-0 boric acid + Na0H) withcase out NH4C1.
If we base our notion of injury to the cells on the rapidity of death ill the solution, then there is a very little difference between the cells placed in these two solutions, in that the cells in 0.005 M NH,C1 solution at pH 6.9 die in about 6 hours while the cells placed in pH 10.1 solution without NH,C1 die in about 5 hours. But if we base the criterion of injury 11 on the power of recovery there is a considerable difference as shown by the following experiment. When the cells that had been placed in 0.005 ~ NH4C1 solution for 1 hour and other cells that had been in pH 10.1 buffer solution for 21//~ hours were removed from the solutions, wiped, and placed in distilled water (in which the cells normally live for days), almost all the former cells were found living after 24 hours, while the latter were almost all dead in 2 hours. In all probability cells become more or less injured when the pH value of the sap is appreciably changed but the injury to the cells under these conditions in NH4C1 solution is much less and the recovery is more apt to occur than when the cells are placed in NaOH plus boric acid buffer solution. This injury increases and the cells die if left in these solutions for several hours. It is not possible to change the pH values of the cell sap in solutions containing NH3 or NaOH in such a way that one can definitely say that the cells are not injured at the time the pH value of the cell sap is altered. The conditions described above are the most favorable which the writer has been able to find.
11 If we base the criterion of injury in the appearance of masses of chlorophyll in the sap, the observation is not accurate, though in general we may state that there are greater masses of chlorophyll in the sap of an injured cell than in the sap of a normal cell.
IV.
Accumulation of NH3 in the Sap When Living Cells Are Placed in
NH,CI Sohttion.
Since the experiments in Section III show that when the cells are placed in NH4C1 solution the pH value of the sap increases progressively until an apparent equilibrium is established, it is desirable to see what type of curve is followed in the accumulation of NH~ in the sap.
Cells were placed in 0.005 M NH4C1 solution at pH 6.9 (T~ phos\lot/ phates) at 25 -4-0.5°C. The concentration of the solution was kept constant. The concentration of NH3 in the sap was determined by means of Nessler's reagent in the following manner. A few cells were removed from the solution and wiped with a wet cloth (free from NH3). The ends of the cells were cut and the sap was gently squeezed out on a glass slide. Then the sap was drawn up into a capillary tube (about 10 inches in length), until it filled the tube for the distance of 1 inch. The sap was then blown into the Nessler tube containing 50 cc. of distilled water and 1 cc. of the Nessler reagent. The solution was then carefully shaken. A standard solution was made by taking the same amount (as in the case of the sap) of a known concentration of NH4C1 solution and putting this into a Nessler tube containing 50 cc. of distilled water and 1 cc. of the Nessler reagent in the same manner as in the case of the sap. The colors of the two tubes were then compared by looking into the solutions from the top of the tubes. Since the color of the solution deepened on standing in both cases, it was necessary to make determinations at a definite time after the solutions were made up. For the present purpose the color was matched immediately.
The sap is not a clear liquid like the standard solution but it contains a viscous substance, which rises to the top of the tube and makes the readings difficult so that an accurate determination of an absolute value of NH3 is not possible but this did not interfere with the present experiments since we needed only such relative values as could be obtained by this method.
The distilled water did not contain a measurable amount of NH, so that this was considered to be at a zero concentration for the sake of comparison since this distilled water was used for the Nessler test.
Tests showed that NH3 adhering to the surface was not sufficient
FIO. 4. Curve showing the rate of accumulation of NH3 in the sap when living cells of Nitella are placed in 0.005 u NI-I4C1 at pH 6.9. The ordinates represent the concentrations of NHa in the sap and the abscissae represent time. Each point on the curve is an average of forty experiments and the probable error of the mean is less than 7 per cent of the mean.
to bring about noticeable errors. When the cells were dipped for a second in 0.005 ~ NH4C1 and then wiped, and the sap was examined for NH3 as described above, it was found that the sap gave no test for NH~.
When living cells were placed in 0.005 M NH,C1 at pH 6.9 and a few were removed at definite intervals for the determination of NH3 0.0a4-in the sap, it was found that the accumulation of NHa took place gradually in the sap without reaching an equilibrium before the cells died (in about 6 hours). See Fig. 4 .
When the relation between the concentration of NH3 in the sap and the extent of the change in the pH value of the sap is considered, the following is found to be tree, as shown in Fig. 5 . At the start the pH value of the sap remains unchanged until the concentration of NH3 in the sap has reached 0.0014 M; this may be regarded as due to the buffer action of the sap (provided it is not NH,C1 which enters the ceil). Above this concentration the pH of the sap increases but when the concentration of NH3 in the sap has reached about 0.0064 ~t further accumulation of NH3 brings about no appreciable change in the pH value of the sap until the cells die. Cells were placed in 0.005 ~t NH4C1 solution at pH 6.9(1--~0 phosphates) for 5 minutes after which they were removed, wiped, and placed in 0.00014 ~r dye solution at pH 6.7 (1.@0 ) phosphates , / at 25 4-0.5°C. and the rate of accumulation of the dye was measured at different intervals for 6 minutes. It was found that the rate (Fig. 6 , Curve B) was slightly lower than that obtained in the case of the cells dipped for a few seconds in NH4C1 and placed in the same dye solution. (Fig. 6 , Curve A.) The decrease is about 24 per cent which was about the extent of decrease found at the end of 5 minutes when the cells were placed in 0.00014 ~t dye solution at pH 6.9 containing 0.005 ~ NH4C1 solution (Fig. 1 , Curves A and B, in Section II). This indicates that the decrease is not due to the fact that NH3 in the external dye solution hinders the entrance of the dye, but it was due to the presence of NH3 in the sap. Since these experiments were carried out when the cells had been placed in the NI-LC1 solution for only 5 minutes, we may assume that the cells were not injured at this stage.
V.
Accumulation of the Dye in the Sap
It When the rate of accumulation was measured at different intervals during 6 minutes (in this interval the concentration of NI-I3 in the sap remained unchanged))3 it was found that the rate decreased as the concentration of NI-I8 increased in the sap as shown in Fig. 6 , Curves C, D, and E. The rate of accumulation of the dye in the sap decreased about 24 per cent when there was 0.0014 ~ NH3 in the sap, and when the pH of the sap was found to be 5.6 (normal value). There was about 62 per cent decrease in the case of the cells which contained 0.0064 ~ NHs in the sap (pH value of sap was about 5.93). There was a decrease of about 71 per cent when the cells contained 0.0117 M NH3 in the sap (pH value of the sap about 5.97). At this concentration of NH3 in the sap the extent of decrease seemed to have almost reached its maximum since in the case of the cells containing 0.0214 ~ NH3 in the sap at pH 5.97 there was only about 76 per cent decrease. This seems to indicate that the effect of NH~ on the rate of accumulation of the dye in the sap reaches a maximum at a definite concentration of NH3.
VL Further Experiments to Ascertain If NH3 in the External Solution
Binders the Entrance of the Dye.
It has been indicated by the experiments described in Section V that NH3 does not hinder the entrance of the dye unless NI-Is penetrates into the sap, but in order to confirm this the following experiments were made. When the cells have been placed in 0.005 phosphates for 1 hour it is found that 13When cells containing 0.0064 g, 0.0117 ~, or 0.0214 M NI-I~ in the sap are placed in 0.00014 M dye solution at pH 6.7 for 6 minutes, then removed, and the NH~ of the sap determined, it is found that no NH~ has come out of the sap. 0.0117 M NI-I8 has accumulated in the sap; at this stage there is no measurable increase in NH~ in the sap if the cells are left in the solution 6 minutes longer.
Cells were therefore placed in the NH4C1 solution for 1 hour, removed, and wiped. One lot was now placed in 0.00014 ~ dye at pH
Fro. 7. Curves showing the rate of accumulation of dye in the sap of living cells of Nitella when ceils are placed in a solution of dye after they have been placed for 1 hour in 0.005 ~ NH4C1 at pH 6.9. The symbol (×) represents the rate of accumulation in 0.00014 ~, dye solution at pH 6.9, while the symbol (O) represents the rate in 0.00014 ~ dye solution at pH 6.9 containing 0.005 ~ NI-hC1. Each point on every curve is an average of forty experiments and the probable error of the mean is less than 7 per cent of the mean. phosphate and another lot in the dye solution of the same concentration and the same pH value containing 0.005 M NI-I4C1 at 25 ± 0.5°C. When the rate of accumulation of the dye in the sap was measured at intervals during 6 minutes, it was found that the rate was the same in both cases as shown in Fig. 7 , symbol • and symbol ×. Thus it is evident that it is only the NI-I8 in the sap which affects the accumulation of dye and that so long as this is constant variations to the above extent in the concentration of NH8 in the external solution are of no import.
VII.
Accumulation of the Dye in the Sap When the pII Values of the Sap Are Varied and the Sap Contains No Ntt3.
Since it is evident from the experiments described above that the presence of NH3 in the cell sap brings about a decrease in the rate of accumulation of the dye, the next step is to ascertain whether the increase in the pH value of the cell sap (in absence of NH~) will have the same effect. Although we cannot obtain cells having the same concentrations of NH~ in the sap, while the pH values of the sap are different, it is possible to change the pH values of the sap by placing the cells in solutions at pH 10.1 boric acid -I-NaOH mixtures. 5°C. An exposure of 15 minutes to the buffer solution at pH 10.1 caused a noticeable decrease in the subsequent accumulation z4 It is not possible to determine the pH value of the cell sap after the dye has entered the sap, hence another experiment was made. When the cells which had been in pH 10.1, as described in the text, for different lengths of time, were removed, and placed in pH 6.7 l~ phosphates 25°C. for 6 minutes, it was found that the pH values remained the same. From this result it is assumed that the pH values of the sap will not change when cells are placed in the dye solution at pH 6.7 for 6 minutes.
of the dye and this decrease became greater the longer the cells were left in the solution at pH 10.1 (Fig. 8) .
M Each point on every curve is an average of forty experiments and the probable error of the mean is less than 7 per cent of the mean. Fig. 8 shows that there may be a decrease of 13 per cent in the rate ~5 of accumulation of the dye in the sap though the pH value of M is After the cells had been dipped in the 4-0 buffer mixture of boric acid and sodium hydroxide at pH 10.1, wiped, and placed in 0.00014 M dye solution at pH 6.7 as already described, the rate of accumulation of the dye was greater than that found in the case of the cells which had been exposed in the same way to a k (___~M phosphates). When such cells were left for2 buffer solution at pH 6.7 150 \ / minutes in the phosphate solution the rate was the same as in unwashed cells. Whether this increase is due to a preliminary stage of an injury, or to an adhering of the buffer mixtures to the surface of the cell, which cannot be readily washed out, and which produces an effect of the buffer mixtures on the surface of the cell apart from injury, cannot be stated definitely at present.
the cell sap remains normal (pH 5.6). There is a decrease of about 35 per cent when the pH value of the sap increases from 5.6 to 5.63. It is a striking fact that the decrease is only 44 per cent when the pH value of the sap reaches 5.7 or 5.9. From this it is evident that the decrease t6 in the rate may take place even when there is no change in the pH value of the sap, and that the extent of decrease reaches a maximum value when the pH of the sap is at 5.7. This may be due either (1) to the presence of substances, as in the case of NH3, which compete with the dye for the combining substances in the sap, or (2) to injury to some part of the surface of the cell, which partly prevents the accumulation of the dye in the sap by allowing some to diffuse out of the cell, or (3) possibly to a combination of both.
vni.
DISCUSSION.
The experiments described in the present paper show that there is a decrease in the rate of accumulation of the dye in the sap when NI-I, is present in the sap but that the presence of NH3 in the external solution alone has no such effect. The fact that NH3 when present only in the external solution does not affect the entrance of the dye would seem to indicate that at the concentrations of the solution used there is no antagonism between NH + ions and D + ions in the sense that they might hinder each other from entering the living cell, and that there can be no tautomeric change in the dye brought about by NH4C1 which could t6 When cells which had been placed in the ~0 boric acid and sodium hydroxide mixture at pH 10.1 for 2½ hours were wiped, and placed in 0.005 M NH~CI at pH 6.9, 0.0007 M NH3 was found to have accumulated in the sap in 5 minutes. This is much less than the concentration of NHz (0.0014 •) in the sap of a control cell placed directly in NH4C1 solution at pH 6.9. When such cells were removed from the solution of NH4CI, wiped, and placed in 0.00014 ~t dye solution at pH 6.7 it was found that the rate of accumulation of the dye had decreased considerably as compared with cells which had been exposed to the buffer mixture for the same period but which had not been placed in NH4C1 solution. The pH of the sap in both cases was about 5.9, so that the decrease was due to the presence of NH3 in the sap.
produce such an effect. It is also evident that the dissociation of the dye is not affected by NH,C1, at the concentrations employed.
The decrease in the rate of accumulation of the dye in the sap may be interpreted as due to the fact that NH3 and the dye compete for certain substances in the cell. The degree of competition as expressed by the decrease in the rate of accumulation of the dye may be dependent on the dissociation constants of the dye and of the NH3 in the sap, and on the concentrations of these two substances. This is to be expected if we assume that the dye enters as DOH and, like NH~, is capable of combining with weak acids and proteins in the sap. If the dye enters as a dye salt, e.g. DC1, and combines with a salt of a weak acid or of protein it may also be affected by the competition of NH8 as already explained in the introduction.
Though it is not possible to determine experimentally at present, the same type of competition may exist in the protoplasm or in the surface membrane of the protoplasm, so that the assumption made in a previous paper* regarding the r61e of the surface membrane of the protoplasm may not be wrong.
It is evident from what has been said that it is not possible to determine experimentally the exact relation between the pH value of the sap and the decrease in the rgte of accumulation which is found in the presence of NH3.
Thus it is not yet possible to state definitely whether or not the dye enters the cell as the dye hydrate, but experiments are being carried on by the writer which may lead to a definite conclusion in the near future.
SUMMARY.
When the living cells of Nitella are placed in a solution of brilliant cresyl blue containing NH4C1, the rate of accumulation of the dye in the sap is found to be lower than when the cells are placed in a solution of dye containing no NH,C1 and this may occur without any increase in the pH value of the cell sap. This decrease is found to be primarily due to the presence of NH3 in the sap and seems not to exist where NI-Ia is present only in the external solution at the concentration used.
